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SPECIFICATION 

PULSE WIDTH MODULATION DRIVING APPARATUS FOR LIGHT 

EMITTING DIODE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a driving apparatus for light emitting 
diodes (LEDs), and more particularly to a pulse width modulation (PWM) driving 
apparatus for an LED. 

2. Description of The Prior Art 

[0002] FIG. 4 illustrates a conventional LED driving apparatus. The LED 
driving apparatus includes a power supply 10, a current limiting resistor 20 and an 
LED array 30 connected in series. The LED array 30 comprises a plurality of 
LEDs 31 arranged in an nxm matrix. In use, a forward current passing through 
each LED 31 determines its light output; therefore the light output of each LED 31 
can be controlled by adjusting the forward current passing therethrough. 

[0003] Referring to FIG 5, a typical volt-ampere characteristic of a single 
LED 31 can be represented by the following equation: 

V F =V on +R s Irh(AV/AT) (T-25°C) (1), 

In this equation, V F and I f represent a voltage applied to the LED 31 and a current 
flowing through the LED 31 respectively. V on is a threshold voltage of the LED 
31, R s represents equivalent resistance of the LED 31, (AV/AT) represents a 
temperature coefficient, and T represents junction temperature. A typical value of 
the temperature coefficient is 2V/°C. At a certain temperature, equation (1) can 
be simplified as: 
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V F = V on + Rs I f (2), and 

therefore a volt-ampere characteristic of the LED driving apparatus can be written 

as: 

U-m V on =I[R + (m/n) R s ] (3), in which 

U is a voltage of the power supply 10, and I is a driving current for the LED array 
30. Equation (3) can be simplified as: 

U - V X =I(R + R x ) . . . (4), and V x = m V on , R x = (m/n) R s (4) 

Equation (4) shows that the driving current I of the LED array 30 is not 
proportional to the voltage U of the power supply 10 due to the existence of the 
threshold voltage V on of each LED 31. That is, the driving current I of the LED 
array 30 does not change linearly when the voltage U of the power supply 10 
changes linearly. Therefore it is difficult to precisely control the light output of 
the LED array 30. 

[0004] Furthermore, when the number of LEDs 31 in the LED array 30 
changes, both V x and R x are changed. Accordingly, either the voltage U of the 
power supply 10 or the resistance R of the current limiting resistor 20 must be 
changed in order to adjust the driving current I of the LED array 30. As described 
above, it is difficult to precisely control the driving current I (and thus the light 
output) by adjusting the voltage of the power supply, due to the nonlinear 
relationship between the driving current I of the LED array 30 and the voltage U of 
the power supply. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide a PWM driving 
apparatus for precisely controlling a light output of an LED array. 

[0006] Another object of the present invention is to provide a PWM driving 
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apparatus for an LED, the PWM driving apparatus being suitable for driving a 
variable load. 

[0007] To achieve the above objects, the present invention provides a PWM 
driving apparatus for an LED. Said PWM driving apparatus is hereinafter 
referred to as an LED driving apparatus. The LED driving apparatus comprises a 
power supply, a current limiting resistor, a field effect transistor (FET), a sawtooth 
wave generator for generating a sawtooth wave signal, a comparator and at least 
one LED connected in series. A modulation signal source for providing a 
modulation signal and the sawtooth wave generator are connected to a positive and 
a negative input terminal of the comparator respectively. An output of the 
comparator connects to a gate terminal of the FET. The sawtooth wave signal and 
the modulation signal are compared in the comparator, and the output of the 
comparator determines an ON or OFF status of the FET. 

[0008] Other objects, advantages, and novel features of the present invention 
will become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings; in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 schematically shows an LED driving apparatus of the present 
invention; 

[0010] FIG. 2 illustrates waveforms of the LED driving apparatus of FIG. 1 ; 

[0011] FIG. 3 illustrates waveforms of a comparator of the LED driving 
apparatus of FIG. 1; 

[0012] FIG. 4 schematically shows a conventional LED driving apparatus; and 
[0013] FIG 5 illustrates a typical volt-ampere characteristic of a single LED of 
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the LED driving apparatus of FIG 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Referring to FIG. 1, a PWM driving apparatus of the present invention is 
for driving an LED. Hereinafter, said PWM driving apparatus will be referred to 
as an LED driving apparatus. The LED driving apparatus includes a sawtooth 
wave generator 1 for generating a sawtooth wave signal, a comparator 2, an FET 3, 
a first current limiting resistor 4, a second current limiting resistor 5, a power 
supply 7, and an LED array 8 used as a load. 

[0015] The sawtooth wave generator 1 generates and outputs a sawtooth wave 
signal. The output of the sawtooth wave generator 1 is connected to a positive 
input terminal (not labeled) of the comparator 2. A modulation signal source 6 is 
connected to a negative input terminal (not labeled) of the comparator 2. An 
output of the comparator 2 is connected to a gate terminal G of the FET 3. The 
first current limiting resistor 4 is connected between the power supply 7 and a 
source terminal S of the FET 3, and a drain terminal D of the FET 3 outputs a 
driving current to the load (i.e., the LED array 8) through the second current 
limiting resistor 5. Furthermore, the FET 3 can be an N-channel 
enhancement-type FET, a P-channel enhancement-type FET, an N-channel 
depletion-type FET, a P-channel depletion-type FET, or any other suitable type of 
switching element. 

[0016] Referring to FIG. 2, V n is a modulation signal provided by the 
modulation signal source 6, V rl is the sawtooth wave signal, and V 0 i is the voltage 
between the gate terminal G and the drain terminal D of the FET 3. That is, V 0 , is 
a gate driving voltage of the FET 3. I 0 i is a drain current of the FET 3, i.e. the 
driving current of the LED array 8. T is a cycle of the sawtooth wave signal V rl . 
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In use, the modulation signal Vn is compared with the sawtooth wave signal V rl in 
the comparator 2. The comparator 2 outputs a positive high level signal when the 
modulation signal Vn is lower than the sawtooth wave signal V r i, and outputs a 
zero level signal when the modulation signal Vn is equal to or higher than the 
sawtooth wave signal V rl . The FET 3 is turned on when the comparator 2 outputs 
a positive high level, and is turned off when the compare 2 outputs a zero level 
signal. When the FET 3 is turned on, the power supply 7, the first current 
limiting resistor 4, the FET 3, the second current limiting resistor 5 and the LED 
array 8 cooperatively form a closed series loop. The closed series loop has a 
driving current passing through the LED array 8, in order to drive the LED array 8. 
When the FET 3 is turned off, the close series loop is cut off, and there is no 
driving current flowing to the LED array 8. 

[0017] FIG. 3 shows output waveforms of the comparator 2 when different 
modulation signals are generated. V i2 is another modulation signal different from 
the modulation signal Vn. V 0 is the output of the comparator 2, ti is an interval in 
which the modulation signal V n is higher than the sawtooth wave signal V r i, t 2 is 
an interval in which the modulation signal V i2 is higher than the sawtooth signal 
V r i. ti and t 2 are of course not equal, and having the following relationship: if 
V i2 =K* Vji, then t 2 =K* t b which means a duty cycle of the output V 0 of the 
comparator 2 is proportional to an amplitude of the modulation signal Vn, V i2 . 
The output V 0 of the comparator 2 is connected to the gate terminal G of the FET 3. 
The FET 3 is turned on if the comparator 2 outputs a high level signal, and the 
LED driving apparatus outputs a certain driving current. The FET 3 is turned off 
if the comparator 2 outputs a zero level signal, and there is no driving current. 
Therefore, an equivalent driving current, (i.e. an average value of output current) is 
proportional to the duty cycle of the output V 0 of the comparator 2, and the duty 
cycle of the output V 0 of the comparator 2 is proportional to the modulation signal 
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Vn, V i2 . Therefore the equivalent driving current is proportional to the amplitude 
of the modulation signal Vn, V i2 . In other words, linear changes of the 
modulation signal V ib V i2 cause the driving current I 0 i (shown in FIG 2) to change 
linearly. Accordingly, the driving current I 0l can be precisely controlled 
according to need by adjusting the modulation signal Vn, V i2 . 

[0018] In the above-described conditions, an amplitude of the modulation 
signal Vn, V i2 is lower than a maximum value of the sawtooth wave signal V r i but 
higher than a minimum value therof. However, in cases where the amplitude of 
the modulation signal Vn, V i2 is out of the range between the maximum value and 
the minimum value of the sawtooth wave signal V rJ , either of two operating modes 
can be adopted according to particular application requirements. First, the LED 
driving apparatus can either continue comparing the modulation signal Vn, V i2 and 
the sawtooth wave signal V r j in the comparator 2. Second, the LED driving 
apparatus can cooperate with an auxiliary circuit to obtain a desired function. 

[0019] The LED driving apparatus of the present invention can be used as a 
light source for computer monitors, vehicle electronic displays, watercraft 
electronic displays and aircraft electronic displays, and in other kinds of display 
apparatus. 

[0020] Advantages of the LED driving apparatus of the present invention over 
the prior art include the following. The LED driving apparatus can precisely 
control a light output from the LED array 8 because of its capability of linear 
adjustment of the driving current. Furthermore, the LED driving apparatus is 
adapted to drive an LED array which has a variable number of LEDs, by changing 
its modulation signal. 

[0021] It is to be understood, however, that even though numerous 
characteristics and advantages of the present invention have been set forth in the 
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foregoing description, together with details of the structure and function of the 
invention, the disclosure is illustrative only, and changes may be made in detail, 
especially in matters of shape, size, and arrangement of parts within the principles 
of the invention to the full extent indicated by the broad general meaning of the 
terms in which the appended claims are expressed. 
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